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SHORTER ARTICLES AND DISCUSSION" 

SEX-CORRELATED COLORATION IN CHITON 
TUBERCULATUS 1 

1. Among mollusks the occurrence of clear-cut differential 
characters associated with sex is rare. Differences of size in the 
sexes of dioecious species are known, though in some instances 
the larger size of the female is a consequence of protandric her- 
maphroditism ; there are also certain records of slight, and pos- 
sibly inconstant, sex-differences in shell form; the hectocotylus 
of dibranchiate cephalopods, however, is. almost the only well- 
defined instance of a "secondary sexual character" in mollusks 
— and this is an accessory organ of copulation. Color differences 
of this nature seem not to have been observed. Some importance 
may therefore be attached to the description of a pronounced 
color difference, correlated with sex, which has been found in 
the commonest placophoran at Bermuda, Chiton tuberculatus 
Linne, particularly since this differential coloration seems 
capable of interesting interpretation in several directions of 
theoretic importance. 

2. In adult chitons of this species there is noticeable what ap- 
pears at first sight to be a considerable diversity in the degree 
to which pigment, of a salmon-pink hue, is developed upon the 
foot and other soft parts exposed in ventral view. Somewhat 
less than half of the individuals have the foot, ctenidia, and 
other soft parts of a pale buff color; in the remainder, the foot, 
head, ctenidia and mantle are to various degrees tinged with 
salmon-pink or orange-red pigment, the color being in some 
cases startlingly vivid. This difference is most pronounced dur- 
ing late spring, but persists to some extent throughout the year. 
The pigmentation is not correlated in any .way with size ; indi- 
viduals of any length from 3.4 to 9.2 cm. may be either pale buff 
or salmon-pink on the ventral surface ; nor does the intensity of 
reddish pigmentation, when present, depend upon size. In 
dorsal view it is quite impossible to distinguish the two groups 
of animals, unless the plates be artificially separated to an ex- 
treme degree, and not even then with any certainty. 

The differential coloration proves to be correlated with sex, 
1 Contributions from the Bermuda Biological Station for Research, No. 109. 
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in the sense that the soft parts of male chitons are never colored 
pink; whereas those of maturing females invariably are, the 
intensity of the pigmentation depending to a large extent upon 
the state of maturity of the ovary, to a lesser extent, it seems 
probable, upon the quantity and the kind of the algal food avail- 
able in differing environments. 

1 have been at some pains to verify this conclusion by numer- 
ous dissections and by microscopic examination of smears from 
the gonad of 129 individuals. As in most chitons, the nature of 
the single median gonad is readily distinguishable, when mature 
or nearly so, owing to the fact that ovary and testis are differ- 
ently colored. In the case of the young C. tuberculatus, and of 
the immature gonad in animals of all sizes, testis and ovary are 
macroscopically undistinguishable, being pigmented in the same 
degree by a brick-red substance, which will be referred to in 
what follows. These observations were made for the most part dur- 
ing the week ending March 30, 1918, at which time motile sperms 
and well-developed (but not mature) eggs were present. The 
ripe testis differs in color from the ovary because the amount of 
red pigment in the stroma of the male gonad does not increase 
after a very early stage ; so that the testis comes to appear as a 
milk-white organ with innumerable interlacing threads of dull 
crimson upon its surface. In the ovary, on the contrary, the 
amount of this red substance increases enormously. No trace of a 
gonad was detected in 72 animals less than 3.4 cm. total length, 2 
the smallest female being 3.4 cm., the smallest male 3.4 cm. also. 
A group of 67 individuals .between 3.4 and 9.2 cm. length, col- 
lected at random, was examined by first carefully noting the 
coloration of the tissues (foot, etc.), then investigating the con- 
dition of the gonad. Among these 67, 27 were males containing 
active sperm; the foot, ctenidia, and other parts were in every 
case pale buff in color. The remaining 40 were clearly separable 
from the others by the presence of pink or orange pigment, and 
were without exception females. A further group of 64 chitons 
was first divided into two lots, "pale" and "pink," respectively; 
smears and teased preparations of the gonads showed that in 
only two instances was the expectation based upon the group 
first studied defeated, and in these instances the animals were 
small females with very immature ovaries. Summarizing the 

2 An investigation of the adult life-history of C. tuberculatus, to be de- 
scribed in detail elsewhere, shows that chitons of this size are at least two 
years old. 



86 THE AMERICAN NATURALIST [Vol. LIV 

results from both groups, it was found that the 131 individuals 
with recognizable ovary or testis comprised 76 females and 55 
males, 3 the females, when mature, being distinguishable exter- 
nally by the development of a salmon-pink or orange-red colora- 
tion of the soft parts (foot, head, ctenidia, mantle). 4 

3. The color difference between the sexes of Chiton is believed 
to be of special significance, for the following reasons : because 
the coloration of the soft parts of the female is directly traceable 
to metabolic activities associated with the growth of the ovary; 
and because it provides an example of secondary sexual colora- 
tion which has no conceivable utility, but is; on the contrary, so 
far as color is concerned, of a thoroughly accidental nature. 

Concerning the first point : the data previously summarized 
show the definite manner in which reddish pigmentation is cor- 
related with sex; there are also the facts, (1) that in animals 
less than 3.4 cm. length there is no trace of any pink body pig- 
mentation, (2) that the intensity of such pigmentation agrees 
with the state of development of the ovary, (3) that the blood 
of female chitons is mahogany-red or deep orange in color (that 
of males being dull yellow), and (4) that the reddish hue of 
blood, external tissues, and ovary is demonstrably due to the 
same pigment substance. 

This pigment shows by its chemical behavior that it belongs 
to the group of carotin-like "lipochromes, " and is unrelated to 
the haemoglobin which colors the buccal musculature of both 
sexes. It has also an absorption spectrum — one band in the 
blue-green, another in the violet — of a kind supposed to be 
characteristic of the "lipochromes." The pigment is not soluble 
in water, but is dissolved by either 95 per cent, alcohol, acetone, 
xylol, or chloroform, and by the last named is extracted from 
alcohol after treatment with alkalies; it is quickly decolorized 
by standing in contact with air, in the light, and is bleached 
(after passing through a deep blue condition) to lemon yellow 
by strong nitric acid. Concentrated solutions are orange-red, 

s These figures give a sex ratio of males: females: : 1: 1.38; this is prob- 
ably too high a proportion of females for the whole population, but there 
seems undoubtedly to be, in some places, a preponderance of females. The 
matter is worthy of further attention, in relation to the breeding habits of 
Chiton. 

* For certain purposes in which eggs are required to be uncontaminated 
with sperm, the external sex-difference in Chiton is a valuable aid in experi- 
mental work; not only are the eggs abundant, of fair size, and easily ob- 
tained, but males may be entirely excluded from the laboratory. 
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dilute solutions yellow. The lipochrome is present in the ccelomic 
fluids of the male Chiton, though in very small amount, and, as 
previously stated, is present in the stroma of the testis. In the 
female Chiton large quantities are present, in ' ' solution, ' ' in the 
blood and ccelomic fluid, and in the ovary it is clearly associated 
with the great quantity of fat globules there present; not all of 
the fat globules are stained with the red pigment, multitudes of 
the smaller ones being uncolored by it. 

It seems clear that we have here another case where the de- 
veloping ovary is associated with "fat metabolism"; the red 
lipochrome, accompanying a large volume of fatty materials, is 
prominently concerned (perhaps by reason of its easy oxida- 
tion) in the growth of the ovary, and both pigment and fat are 
vastly important for the formation of sperms. The occurrence 
of the ovarian pigment in much higher concentration in the 
blood and juices of maturing females is comparable to the con- 
dition found by Steche 5 in certain moths, whereof the blood of 
the female was chemically differentiated in an obvious way from 
that of the male. 

That the pigment is concerned in the metabolism of the ovary 
is shown by the fact that as the ovary becomes mature, but be- 
fore it is fully so (i. e., early in May), it becomes of a deep green 
color with imbedded streaks of maroon-red. In surface view the 
ovary is then green, like that of most chitons, but the salmon or 
deep orange coloration of the foot, muscle, blood, etc., does not 
change. Hence, if these animals were to be examined in summer, 
with the ovary nearly or quite mature, the causal connection 
between ovarian pigmentation and body pigmentation would 
hardly suggest itself immediately. It is easily shown, by ex- 
tracting the pigment in acetone, that the green hue must be due 
to a relatively simple modification of the original red substance. 
Such extracts are orange-yellow, are decolorized by HN0 3 , and 
give a green flocculent precipitate with alkalies. The ovarian 
eggs themselves, at first colorless, are found by the middle of 
May to have assumed a faint pink tinge, whereas toward the end 
of June they become deep green. 

4. Regarding the accidental character of the reddish color in 
the tissues of adult female chitons, it is sufficient to point out 
that the foot, where this character is most conspicuous, remains 
throughout life firmly adherent to the substratum ; the gills also 

5 I quote at second hand, from Doncaster, 1914, ' ' The Determination of 
Sex," p. 101. 
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are brightly pigmented, but the girdle of the chiton is never 
raised more than a few millimeters from the siirface upon which 
the animal may be resting, and while above water, in the inter- 
tidal zone, even this minute elevation occurs only along a short 
length of the mantle at a time. If it be answered that these 
chitons frequently creep over one another, it should be remem- 
bered that in the Placophora there are no tentacular eyes upon 
the head, and in the genus Chiton no extra pigmental megaasthete 
eyes upon the valves; so there is, after all, no opportunity for 
sex-recognition through color (a fantastic idea, for other rea- 
sons also). That the coloration of the soft parts is ever visible 
to other animals seems equally improbable. Certain small isopods 
(Sphctroma) commonly frequent the mantle "chamber" of 
Chiton tiiberculatus, but they are found indifferently in the com- 
pany of either sex. It is necessary to conclude that, so far as 
color is concerned, the pink or orange hue of the body of the 
female Chiton tiiberculatus is of no etiological significance; the 
nature of the pigment, its association with the growing ovary, 
its progressive changes in the ovary itself, and its presence in 
the blood, make of this case a most excellent illustration of the 
"metabolic-accident" conception of certain types of animal 
coloration. 

W. J. Crozier 
Dyer Island, 
Bermuda 

ON THE ALKALINITY OP THE SEA WATER IN 
LAGOONS AT BERMUDA 1 

The present land-form of Bermuda, resembling in certain 
respects the configuration of many "coral" islands, was em- 
ployed by Heilprin 2 as an example of atoll formation through 
basic subsidence. The southeastern segment of the proto-Ber- 
muda land mass, now the only area above water, in addition 
exhibits three distinct "sounds," or lagoons: Great Sound, 
Harrington Sound, Castle Harbor. These lagoons Heilprin also 
conceived to have originated through local subsidences. Pewkes 3 
had earlier considered the origin of these lagoons, stating his 
belief that they, as well as the form -of the islands as ,a whole, 

1 Contributions from the Bermuda Station for Beseareh, No. 114. 

2 Heilprin, A., 1889, "The Bermuda Islands," Bhiladelphia, [vi] +231 
pp., 17 pi. 

3 Bewkes, J. W., 1888, Proc. Bost. Soo. Nat. Hist., Vol. 23, pp. 518-522. 



